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[57] ABSTRACT

The present mvention includes a sensing edge for con-
trolling movement of a door by actuation of a device
upon force being applied to the sensing edge. The sens-
ing edge includes a base member for being secured to
the leading edge of a door and a sheath having a plural-
ity of internal cavities extending therethrough for re-
ceiving a switch comprising two electrical contacts.
The sensing edge assists in providing a fatlsafe feature
for detecting electrical problems (such as open circuits)
in the electrical contacts. According to one embodi-
ment of the present invention, the failsafe feature is
achieved using an electrical connector, positioned
within the sheath, which electrically connects the elec-
trical contacts. A method of making the sensing edge
includes coextrusion of the base member and sheath.
During the coextrusion process, electrical contacts are
positioned within and bonded to the sheath. Electrical
wiring may also be positioned within one or more cavi-
ties within the sheath during the coextrusion process.

8 Claims, 12 Drawing Sheets
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PROCESS OF MAKING A SENSING EDGE WITH A
FAILSAFE SENSOR

This is a division of application Ser. no. 07/941,502,
filed Sep. 8, 1992, now U.S. Pat. No. 5,262,603 which is
a continuation-in-part application of patent application
Ser. No. 07/881,930, filed May 12, 1992.

FIELD OF THE INVENTION

The present invention relates to a sensing edge for
controlling movement of a door and, more particularly,
to a sensing edge which assists in providing a failsafe
feature to detect electrical problems in the sensing edge.

BACKGROUND OF THE INVENTION

Typical prior art sensing edges generally include a
sheath having a cavity along the length thereof wherein
at least a portion of a switch is located. The sensing
edge 1s attached to an edge of a door which may be
moved in different directions. When external pressure is

applied to the sheath of the sensing edge the switch is
activated to actuate a door control device which causes

the door to either stop moving or open. For example,
external pressure may be applied to the sheath when the
sheath contacts an obstructing article, such as a body of
a person, located between the sensing edge and an op-
posed surface. By stopping or changing the direction of
movement of the door, damage to the obstructing arti-
cle may be prevented.

In prior art sensing edges, the switch generally in-
cludes first and second electrically conductive contacts
positioned on opposed foam layers within the cavity
and spaced apart from each other. When the sensing
edge contacts an obstructing article, the portion of the
sheath contacting the obstructing article is deflected to
cause the first and second contacts to engage and make
electrical contact therebetween. The door control de-
vice, which is electrically coupled to the first and sec-
ond contacts, monitors in some manner the first and
second contacts. Upon detecting engagement between
the first and second contacts, the door control device
causes the door to either stop moving or to open.

However, it may not be possible for the door control
device to detect engagement between the first and sec-
ond contacts if electrical problems (such as open cir-
cuits or short circuits) exist in one or both of the first
and second contacts. As those skilled in the art will
appreciate, articles which obstruct the downward
movement of the door will be damaged unless such
electrical problems in the first and second contacts are
immediately detected and acted upon.

Some prior art sensing edges assist in providing a
means for detecting electrical problems in the first and
second contacts. In other words, some prior art sensing
edges assist in providing a failsafe feature to detect
electrical problems in the first and second contacts.
Typically, such prior art sensing edges include first and
second wires connected to the ends of the first contact
and third and fourth wires connected to the ends of the
second contact. The first, second, third, and fourth
wires are relatively long in length and are positioned
through long lengths of the cavity, such that the first,
second, third, and fourth wires are accessible from out-
side of the sensing edge. A door control device, which
1s located outside of the sensing edge and which is elec-
trically connected to the first, second, third, and fourth
- wires, can detect electrical problems in the first and
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second contacts by measuring the resistance, current,
voltage, etc., existing between the first, second, third,
and fourth wires. |

Although they assist in providing a failsafe feature for
detecting electrical problems in the first and second
contacts, such prior art sensing edges are typically time-
consuming and difficult to assemble because the first,
second, third, and fourth wires must be positioned
through long lengths of the cavity and secured therein
to the first and second contacts. Also, since they are
very long in length, the first, second, third, and fourth
wires are themselves subject to electrical problems.

Therefore, 1t would be advantageous to have a sens-
ing edge which assists in providing a failsafe feature to
detect electrical problems in the first and second
contacts of the sensing edge, wherein the sensing edge is
relatively easy to assemble, and wherein the possibility
of electrical problems occurring in the failsafe feature
itself is minimized.

SUMMARY OF THE INVENTION

Briefly stated, the present invention comprises a sens-
ing edge for controlling movement of a door moving in
a first direction by actuation of a device upon force
being applied to the sensing edge. The device includes a
sensor for sensing current flowing through the sensor.

The sensing edge preferably comprises a generally
rigid elongated base member for being secured to the
door and a generally flexible elongated sheath. The
sheath comprises a first wall having a first surface and a
second surface. The first surface of the first wall is
secured to the base member. A first leg and a second leg
extend from the second surface of the first wall. A sec-
ond wall, baving a first surface and a second surface, is
located generally parallel to and spaced from the first
wall to define a first cavity therebetween. The second
wall has a first end connected to the first leg and a
second end connected to the second leg. A third wall,
having a first surface and a second surface, is located
generally parallel to and spaced from the second wall to
define a second cavity therebetween. The third wall has
a first end connected to the first leg and a second end
connected to the second leg.

A switch 1s positioned within the second cavity be-
tween the second wall and the third wall and includes a
first flexible electrically conductive contact having first
and second ends and a second flexible electrically con-
ductive contact having first and second ends. When
external pressure is applied to the sheath, a portion of
the second contact flexes towards the first contact and
engages a portion of the first contact to actuate the
device.

According to one embodiment of the present inven-
tion, the second ends of the first and second contacts are
electrically connectable to the first and second connec-
tors of the device. The sensing edge includes an electri-
cal connector positioned within the sheath and electri-
cally connected to the first ends of the first and second
contacts. The electrical connector completes an electri-
cal circuit when the second ends of the first and second
contacts are electrically connected to the first and sec-
ond connectors, respectively, of the device. The electri-
cal circuit includes the sensor of the device, the first
connector of the device, the first contact, the electrical
connector, the second contact, and the second connec-
tor of the device. Current generated by the device se-
quentially flows through the sensor, the first connector,
the first contact, the electrical connector, the second
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contact, the second connector, and back to the sensor
when electrical continuity exists throughout the electri-
cal circuit to thereby allow the sensor to disable the
device when electrical continuity does not exist
throughout the electrical circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing summary, as well as the following
detailed description of the preferred embodiments, will
be better understood when read in conjunction with the
appended drawings. For the purpose of illustrating the
invention, there is shown in the drawings embodiments
which are presently preferred, it being understood,
however, that the invention is not limited to the specific
methods and instrumentalities disclosed. In the draw-
ings:

FIG. 1 1s a front elevational view showing a door
construction including a sensing edge in accordance
with the present invention;

FIG. 2 1s a greatly enlarged cross-sectional view of
the sensing edge of FIG. 1 taken along line 2—2 of FIG.
1; sensing edge of FIG. 2 taken along line 2A—2A of

FIG.

4

FIG. 17 1s a simplified electrical schematic of the
sensing edge according to the second embodiment of
the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Certain terminology is used in the following descrip-
tion for convenience only and i1s not limiting. The

- words “right”, “left”, “lower”, and “upper” designate

10

13

20

FIG. 2a 1s a cross-sectional view of the sensing edge 55

of FIG. 2 taken along line 2A—2A of FIG. 2;

FIG. 3 1s a front elevational view of first and second
extruders through which first and second materials are
a to a die assembly for coextrusion of the sensing edge;

FIG. 4 is a partial perspective view of the die assem-
bly, portions of the first and second extruders, and elec-
trical contact supply reels;

FI1G. S 1s an exploded left side elevational view of the

die assembly;

30

FIG. SA 1s a left side elevational view of the die 35

assemby;

FI1G. 6 1s a greatly enlarged rear elevational view of
the die assembly (exit view) of FIG. 3; |

FIG. 7 1s a greatly enlarged rear elevational view of

the first die plate (exit view) of the die assembly of FIG. 40

3;

FIG. 8 1s a greatly enlarged front elevational view of
an insert (entrance view) of the die assembly of FIG. 3;

FIG. 9 is a greatly enlarged rear elevational view of
the insert (exit view) of FIG. 8;

FIG. 10 1s a greatly enlarged rear elevational view of
the second die plate (exit view) of the die assembly of
FIG. 3;

FIG. 111s a greatly enlarged front elevational view of
the third die plate (entrance view) of the die assembly of
FIG. 3;

FIG. 12 is a greatly enlarged rear elevational view of
the third die plate (exit view) of the die assembly of
FIG. 3;

FI1G. 13 is a greatly enlarged front elevational view of
the fourth die plate (entrance view) of the die assembly
of FIG. 3; |

FIG. 14 1s a greatly enlarged rear elevational view of

45

50

35

the fourth die plate (exit view) of the die assembly of ¢

FI1G. 3;

FIG. 15 1s a greatly enlarged cross-sectional view of
a sensing edge in accordance with a second embodiment
of the present invention, wherein FIG. 15 is similar to

the cross-sectional view (shown in FIG. 2) taken along 65

line 2—2 of FIG. 1;
FIG. 16 1s a cross-sectional view of the sensing edge
of FIG. 15 taken along line 16—16 of FIG. 15; and

directions in the drawings to which reference is made.
The words “inwardly” and “outwardly” refer to direc-
tions toward and away from, respectively, the geomet-
ric center of the sensing edge and designated parts
thereof. The terminology includes the words above
specifically mentioned, derivatives thereof and words
of similar import.

Referring to the drawings in detail, wherein like nu-
merals indicate like elements throughout, there is
shown in FIG. 1 a wall 10 having a doorway 12 pro-
vided with a door 14. For purposes of illustration, the
door 14 1s shown as an overhead door having a sensing
edge 16 in accordance with the present invention along
its lower side or leading edge 18. However, one of
ordinary skill in the art would understand that the sens-
ing edge 16 may be located along any edge of any door
structure, such as vertically or horizontally movable
doors (not shown), without departing from the spirit
and scope of the present invention.

As shown i1n FIG. 24, the sensing edge 16 extends
substantially along the entire leading edge 18 of the
door 14. The sensing edge 16 controls movement of the
door 14 by actuating a controlling device (not shown)
upon force being applied to the sensing edge 16. As
shown in FIG. 1, the door 14 is capable of movement in
a generally vertical direction in a plane generally paral-
lel to that of the wall 10. For example, when the door 14
and sensing edge 16 are moving in a generally down-
ward direction, if the sensing edge 16 encounters an
obstructing article (not shown) at the leading edge 18,
the sensing edge 16 senses the obstructing article and
actuates the controlling device to inhibit or change the

~direction of movement of the door 14, i.e., to a gener-

ally upward direction, as described in more detail here-
inafter.

Referring now to FIG. 2, the sensing edge 16 com-
prises a generally rigid elongated base member 20. The
base member 20 1s designed to clamp onto the leading
edge 18 of the door 14, preferably without the need for
adhesive or any other type of fasteners, such as screws.
The base member 20 includes a mounting plate 22 for
being attached to the leading edge 18 of the door 14.
The mounting plate 22 has a first end 24, a second end
26, and includes a first or upper surface and a second or
lower surface. The upper and lower surfaces are gener-
ally planar and preferably extend generally parallel
with respect to each other.

A first elongated clamping member 32 extends from
the first end 24 of the mounting plate 22 to form an
angle A between the first elongated clamping member
32 and the mounting plate 22. The angle A is preferably
less than about 90°, and more preferably about 80° prior
to clamping the base member 20 onto the leading edge
18 of the door 14, as shown in phantom in FIG. 2.

A second elongated clamping member 34 extends
outwardly from the second end 26 of the mounting
plate 22 toward the first clamping member 32 for re-
cetving the leading edge 18 of the door 14 therebe-
tween. The angle B formed between the mounting plate
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22 and the second clamping member 34 is preferably
less than about 90°, and more preferably about 80° prior
to clamping the base member 20 onto the leading edge
18 of the door 14, as shown in phantom in FIG. 2. After
the base member 20 is clamped or snapped onto the
leading edge 18, the angles A and B are preferably each
about 90°, although one of ordinary skill in the art
would understand that the angles A and B may be var-
ied, as desired, and are dictated by the external configu-
ration of the leading edge 18 of the door 14.

The first and second clamping members 32, 34 and
the mounting plate 22 form a generally trihedrally
shaped base member 20 wherein the distance between
the distal ends 32a, 344 of the first and second clamping
members 32, 34, respectively, is less than the width W
of the leading edge 18 of the door 14. It is preferred that
the base member 20 be constructed of a polymeric mate-
rial having sufficient flexibility such that the first and
second clamping members 32, 34 can be forced slightly
outwardly to receive the leading edge 18 of the door 14.
In other words, the first and second clamping members
32, 34 are biased inwardly such that once the leading
edge 18 of the door 14 is positioned therebetween, the
first and second clamping members 32, 34 exert an in-
wardly directed force on the door 14 to firmly grip and
thereby secure the base member 20 to the door 14, as
illustrated in FIG. 2.

One of ordinary skill in the art would understand,
however, that the base member 20 may alternatively or
additionally be attached to the leading edge 18 of the
door 14 by standard fasteners, such as nails, bolts,
screws, tacks, or an adhesive or other fastener means
without departing from the spirit and scope of the pres-
ent invention.

Preferably, the base member 20 is constructed of a
generally rigid material, such as Santoprene 7 103-50,
which is commercially available from Monsanto Co. of
St. Louis, Missouri, and which is capable of being coex-
truded with a different material, as discussed in greater
detail hereinafter. However, it is understood by those
skilled in the art that the base member 20 could be con-
structed of other materials, such as polyvinyl chloride,
neoprene, or other polymeric materials so long as the
base member 20 is sufficiently rigid to ensure the struc-
tural integrity of the sensing edge 16. It is further pre-
ferred that the base member 20 be formed by an extru-
sion molding process, described in more detail hereinaf-
ter. The base member 20 could be formed by other
methods, such as die molding or milling, without de-
parting from the spirit and scope of the present inven-
tion.

As best shown in FIG. 2, the sensing edge 16 further
includes a generally flexible elongated sheath 36, prefer-
ably having a generally constant cross-sectional outline
configuration. The sheath 36 extends along an axis gen-
erally parallel to the leading edge 18 of the door 14. As
presently preferred, the sheath 36 has a generally semi-
oval cross-section, but one of ordinary skill in the art
would understand that any other suitable cross-sec-
tional shape, such as circular, semi-circular, elliptical,
rectangular, or square (not shown), may be used in
accordance with the present invention.

The sheath 36 includes a generally elongated first
wall 38 having a first or upper surface and a second or
lower surface. The upper surface of the first wall 38 is
secured to the base member 20. More specifically, the
upper surface of the first wall 38 is secured to the lower
surface of the mounting plate 22 of the base member 20.
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Preferably, the sheath 36 is coextruded with the base
member 20 such that the upper surface of the first wall
38 1s bonded to the lower surface of the mounting plate
22 of the base member 20. Therefore, it is preferred that
the base member 20 and the sheath 36 be formed from
chemically compatible materials which, upon the appli-
cation of heat and pressure during the coextrusion pro-
cess, form chemical bonds to securely attach the sheath
36 to the base member 20. It is preferred that the sheath
36 be formed from a polymeric material, and, more
preferably, from Santoprene 7101-55, which is com-
mercially available from Monsanto Co.

As best shown in FIG. 2, a first leg 44 and a second
leg 46 extend downwardly from the lower surface of
the first wall 38. Preferably, the distal ends of both the
first leg 44 and the second leg 46 are generally arcuate
in cross section and the proximate ends thereof extend
generally perpendicularly from the second surface 42 of
the first wall 38. Each of the first leg and second leg 44,
46 preferably include flexible members 48 which form
the distal ends thereof. The flexible members 48 gradu-
ally decrease in thickness from the first end adjacent to
the second surface 42 of the first wall 38 to the opposite,
second end. However, the flexible members could alter-
natively increase in thickness from the first end to the
second end or could be uniform in thickness.

The flexible members 48 are preferably constructed
to be tlexible enough to permit the sensing edge 16 to
detect an obstructing article but stiff enough to abut and
seal an adjacent surface (not shown) when the door 14
1s in a closed position without actuating the sensing
edge 16. That 1s, when the door 14 is in a closed posi-
tion, the flexible members 48 are inclined toward one
another as illustrated in FIG. 2 and form a seal between
the sensing edge 16 and the adjacent surface (not
shown). The seal prevents air currents from entering or
exiting through the gap created between the leading
edge 18 of the door 14 and the adjacent surface.

Three grooves 50 are preferably positioned on an
inner surface of the first leg 44 and an inner surface of
the second leg 46 for increasing the flexibility of the first
leg 44 and second leg 46. One of ordinary skill in the art
would understand, however, that the grooves 50 may
be omitted or positioned on the outer surfaces of the
tlexible members 48. Moreover, the present invention is
not limited to any particular number of grooves 50 in
the flexible members 48. The grooves 50 are preferably
U-shaped in cross section, but may be formed in any
shape, such as V-shaped or any other suitable shape as
desired.

The sheath 36 includes a generally elongated second
wall 52 having a first or upper surface and a second or
lower surface. The second wall 52 is located generally
parallel to and spaced from the first wall 38 to define a
first cavity or chamber 58 therebetween. The second
wall 52 has a first end 70 connected to the first leg 44
and a second end 72 connected to the second leg 46. It
is preferred that the first and second walls 38, 52 be
generally planar, although either or both of the first and
second walls 38, 52 may be generally arcuate or include
corrugations, for examplie.

The sheath 36 preferably includes a pair of spaced
first cavity reinforcing walls 60a, 605 positioned within
the first cavity 5§8. Each first cavity reinforcing wall
60a, 600 has a first edge 62 and a second edge 64. The
first edge 62 is secured to the lower surface of the first
wall 38. The second edge 64 is secured to the upper
surface of the second wall 52. The first cavity 58 and the
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first and second cavity reinforcing walls 60a, 606 com-
pensate for overtravel, as 1s well understood by those

skilled in the art.

More particularly, the pair of first cavity reinforcing
walls 60a, 606 extends between the first wall 38 and the
second wall 52 to define the first cavity 58 therebe-
tween. The pair of first cavity reinforcing walls 60a, 605
also define a first outer cavity 66 between the left first
cavity reinforcing wall 606 and the first leg 44 and a
second outer cavity 68 between the right first cavity
reinforcing wall 60ag and the second leg 46. It is under-
stood by those skilled 1n the art that the present inven-
tion 1s not himited to a particular number of reinforcing
walls and that one, three or more could be used without
departing from the spirit and scope of the invention.

As best shown in FIG. 2, 1t is preferred that the first
cavity reinforcing walls 60q, 6056 be angled outwardly
with respect to a vertical center line (not shown) of the
sheath 36. More specifically, it i1s preferred that the first
cavity reinforcing walls 60a, 605 be oriented at an ob-
tuse angle E with respect to the second wall §2. Gener-
ally the angle E is greater than 90° and less than 180°,
and preferably about 125°. The second edge 64 of each
of the first cavity reinforcing walls 60a, 605 is prefera-
bly secured to the second wall 52 in the general vicinity
of the switch to enhance the structural integrity of the
sheath 36 and facilitate alignment of the switch when an
external force contacts the outer surface of the sheath
36, as described in more detail hereinafter.

The sheath 36 includes a third wall 74 having an
upper surface and a lower surface. The third wall 74 is
located generally parallel to (at least in part) and spaced
from the second wall 52 to define a second cavity 80
therebetween. The third wall 74 has a first end 82 con-
nected to the first leg 44 and a second end 84 connected
to the second leg 46.

Preferably, the sheath 36 includes a pair of spaced
second cavity reinforcing walls 86a, 860 positioned
within the second cavity 80. The second cavity rein-
forcing walls 86a, 865 have a first edge 88 and a second
edge 90. The first edge 88 of the second cavity reinforc-
ing walls 864, 8654 is secured to the lower surface of the
second wall §2. The second edge 90 of the second cav-
ity reinforcing walls 864, 865 is secured to the upper
surface of the third wall 74.

More particularly, the pair of second cavity reinforc-
ing walls 86a, 865 extends between the second wall 52
and the third wall 74 to define a second cavity 80 there-
between. The pair of second cavity reinforcing walls
864, 864 also define a third outer cavity 92 between the
left second cavity reinforcing wall 865 and the first leg
44 and a fourth outer cavity 94 between the right sec-
ond reinforcing wall 862 and the second leg 46. It is
understood by those skilled in the art that the present
invention is not limited to a particular number of rein-
forcing walls and that one, three or more could be used
without departing from the spirit and scope of the in-
vention.

As best shown An FIG. 2, it is preferred that the
second cavity reinforcing walls 86a, 865 be angled out-
wardly with respect to the vertical center line (not
shown) of the sheath 36. It is further preferred that the
second cavity reinforcing walls 86a, 865 form an obtuse
angle F greater than about 90° and less than about 180°,
and more preferably about 115°, with the third wall 74.
The second edge 90 of each of the second cavity rein-

forcing walls 864, 860 1s preferably secured to the third

wall 74 1n the generally vicinity of the switch. The
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angle and position of the second cavity reinforcing
walls 86a, 865 enhances the structural integrity of the
cavities 80, 92, 94.

The second cavity reinforcing walls 86a, 86b are
preferably generally arcuate 1n cross section, although
the shape of the same may be varied as desired. At least
one groove 87 is positioned on an inner surface 89 of at
least one of the second cavity reinforcing walls 86a, 865
for increasing the flexibility of the same. However, one
of ordinary skill in the art would understand that the
grooves 87 may be omitted or positioned on the outer
surfaces of the second cavity reinforcing walls 864, 865.
As shown in FIG. 2, only a single U-shaped in cross
section groove 87 is positioned on the inner surface 89
of each of the second cavity reinforcing walls 86a, 865,
although the number and shape of the grooves 87 may
be varied, as desired. The number and shape of the
grooves are selected in accordance with the desired
sensitivity of the sensing edge. It is preferred that the
sensing edge 16 be responsive to not greater than fifteen
pounds of force applied transversely to the sensing edge
16 by a tube having a 1§’ diameter.

The third wall 74 is preferably generally arcuate in
shape, as best shown in FIG. 2, and includes a generally
flattened central portion 96. One of ordinary skill in the
art would understand that any of the first, second, and
third walls 38, 52, 74 and first and second cavity retain-
ing walls 60q, 605, 864, 860 may have any shape, such as
arcuate or flat, as desired, in accordance with the spirit
and scope of the present invention.

As best shown in FIG. 2g, it i1s preferred that end
walls 28, 30 close and seal each end of the sheath 36 to
thereby form an enclosed area for receiving at least a
portion of a switch (described hereinafter) for actuating
the controlling device (not shown) upon application of
external pressure to the sheath 36. Alternatively, an end
plug (not shown) could be used instead of an end wall to
seal each end of the sheath 36, as 1s understood by those
of ordinary skill in the art.

As best shown 1n FIG. 2, a switch means is positioned
within the second cavity 80 between the second wall 52
and the third wall 74 for actuation of the device for
inhibiting or changing the direction of movement of a
door 14 upon application of external pressure to the
sheath 36 mounted thereon. One of ordinary skill in the
art would understand that the switch means could cause
other actions, such as causing a closing door 14 to open.

In the present embodiment, it is preferred that the
switch means be comprised of a first flexible, electri-
cally conductive contact 98 having a first or upper
surface 100 and a second or lower surface 102. As best
shown in FIG. 2q, the first contact 98 includes a first
end 54 and a second end 56. Referring now to FIG. 2,
the first contact 98 is positioned within the second cav-
ity 80 between the second and third walls 52, 74 with
the upper surface 100 of the first contact 98 in facing
engagement with the lower surface of the second wall
52.

The switch means preferably further includes a sec-
ond flexible, electrically conductive contact 104 having
a first or upper surface 106 and a second or lower sur-
face 108. As shown in FIG. 2¢q, the second contact 104
includes a first end 76 and a second end 78. The second
contact 104 is positioned between the second wall 52
and the third wall 74, with the lower surface 108 of the
second contact 104 in facing engagement with the
upper surface of the third wall 74 in the vicinity of the
flattened central portion 96 thereof. Upon application of
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external pressure to the sheath 36, a portion of the upper
surface 106 of the second contact 104 deflects into the
second cavity 80 towards the first contact 98 and en-
gages and makes electrical contact therewith to thereby
actuate the device.

The first contact 98 and second contact 104 are pref-
erably formed from a multilayered material. More spe-
cifically, it 1s preferred that the first and second contacts
98, 104 have a first layer (not shown) constructed of a
thermoplastic material, such as polyethylene or poly-
propylene, which is compatible with the sheath material
to form a bond upon the application of heat and pres-
sure as the sheath 36 is coextruded through a die. The
first layer engages a portion 96 of the upper surface of
the third wall 74 and is preferably bonded thereto. The
other side of the first layer engages a layer of insulating
material (not shown), such as fiberglass cloth. The insu-
lating material preferably provides insulative properties
to the first and second contacts 98, 104, as well as en-
hanced structural integrity. A third layer (not shown) of
a flexible insulative material, such as the polyester film
Mylar ™, and a fourth layer (not shown) of an electri-
cally conductive material, such as aluminum, aluminum
foil, or copper, are layered upon the insulating material,
successively, opposite the first layer to form a four layer
electrical contact. The fourth layer provides the electri-
cal contact when the first contact 98 and second contact
104 are engaged when external pressure is applied to the
sheath.

One of ordinary skill in the art would understand that
other typical prior art contacts, such as a strip of metal-
lic foil or a multilayered woven tape, may be used for
the first and second contacts 98, 104, in keeping with the
spirit and scope of the present invention.

As best shown in FIG. 24, the switch means may
further comprise electrical conductors or a first gener-
ally elongated wire 110 and a second generally elon-
gated wire 111. The first wire 110 has a first end 112 and
a second end 113. The second wire 111 also has a first
end 114 and a second end 115. The first wire 110 has a
portion 116 (shown in phantom) positioned within the
first outer cavity 66. Preferably, the portion 116 of the
first wire 110 is positioned within substantially the en-
tire length of the first outer cavity 66, as shown in phan-
tom in FIG. 2a.

The second end 113 of the first wire 110 is positioned
through an aperture 117 in at least one of the second
wall 52 and the left first cavity reinforcing wall 605
which defines the first outer cavity 66. The second end
113 of the first wire 110 is electrically connected to the
first end of the first contact 98.

'The second end 113 of the second wire 111 is prefera-
bly positioned through another aperture 118 in at least
one of the second wall 52 and the left first cavity rein-
forcing wall 60b which defines the first outer cavity 66.
Alternatively, the second end 115 of the second wire
111 may be positioned through an aperture (not shown)
in the end wall 30. The second end 115 of the second
wire 111 is electrically connected to the second end of
the first contact 98.

Preferably the electrical connections are soldered,
although any other conventional means for connecting
the electrical wires and contacts may be used. One of
ordinary skill in the art would understand that the sec-
ond end 115 of the second wire 111 may alternatively be
positioned within the first outer cavity 66 and through
aperture 117 and electrically connected to the first end
of the first contact 98, with the second end 113 of the

10

15

20

25

30

35

45

30

39

60

65

10

first wire 110 being electrically connected to the second
end of the first contact 98.

The first ends 112, 114 of each of the first and second
wires 110, 111 are preferably positioned through aper-
tures (not shown) in end wall 30 and electrically con-
nected to the control device (not shown). Further dis-

cussion of the electrical connections to and details of the
control device have been omitted since such connec-
tions and devices are within the understanding of an
ordinarily skilled artisan.

The switch means may further comprise a generally
elongated third wire 120 and a generally elongated
fourth wire 121. The third wire 120 has a first end 122
and a second end 123. The fourth wire 121 also has a
first end 124 and a second end 125. The third wire 120
has a portion 126 (shown in phantom) positioned within
the third outer cavity 92. Preferably, the portion 126 of
the third wire 120 is positioned within substantially the
entire length of the third outer cavity 92, as shown in
phantom in FIG. 2a.

The second end 123 of the third wire 120 is positioned
through an aperture 127 in the left second cavity rein-
forcing wall 865 which defines the third outer cavity 92.
The second end 123 of the third wire 120 is electrically
connected to the first end of the second contact 104.

The second end 125 of the fourth wire 121 is prefera-
bly positioned through another aperture 129 in the left
second cavity reinforcing wall 865 or through an aper-
ture (not shown) in end wall 30. The second end 125 of
the fourth wire 121 is electrically connected to the
second end of the second contact 104. One of ordinary
skill in the art would understand that the second end 125
of the fourth wire 121 may alternatively be positioned
within the third outer cavity 92 and through aperture
127 and electrically connected to the first end of the
second contact 104, with the second end 123 of the third
wire 120 being electrically connected to the second end
of the second contact 104. The first ends 122, 124 of
each of the third and fourth wires 120, 121 are prefera-
bly positioned through apertures (not shown) in end
wall 30 and electrically connected to the control device
(not shown).

One of ordinary skill in the art would understand that
more than one wire may be positioned within any of the
cavities, as desired. It is also understood by those skilled
in the art that the present invention is not limited to
positioning the first and third wires 110, 120 in any
particular cavity.

The electrical conductors or wires are used in con-
nection with a circuit (not shown) for controlling the
actuation of the device, as is understood by those skilled
in the art, in response to the application of external
pressure to the sheath 36, as described above. In the
present embodiment, the area of the second cavity 80
between the first and second contacts 98, 104 allows the
third wall 74 to be readily deflectable towards the sec-
ond wall 52. The second and third walls 52, 74 are
preferably constructed from the sheath material such
that the second and third walls 52, 74 have sufficient
memory to assume the position shown in FIG. 2 when
a force applied to the sensing edge 16 is released.

In operation, the sensing edge 16 contacts an object
(e.g., a human being) in the path of the closing door 14.
The third wall 74 deflects toward the second wall 52
such that the first and second contacts 98, 104 contact
each other and actuate the device. Since there is a slight
delay before the device is actuated (due to the inherent
delay characteristics of all control circuitry), the third
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wall 74 continues to deflect towards the adjacent sur-
face, causing the flexible second wall 52 to also deflect
until the device 1s actuated. Thus, the third wall 74 is
spaced from the base member 20 a sufficient distance to
accommodate the continued deflection without the
third wall 74 touching the base member 20. This contin-
ued deflection 1s commonly referred to as overtravel.
Consequently, objects sensed by the present invention
are not damaged due to overtravel.

FIGS. 15 through 17 show a sensing edge 16’ in ac-
cordance with a second embodiment of the present
invention. The sensing edge 16’ of the second embodi-
ment assists in providing a failsafe feature for detecting
 electrical problems 1n the first and second contacts 98,
104. The sensing edge 16’ of the second embodiment
provides the failsafe feature using an electrical connec-
tor contained in the sheath 36 which electrically con-
nects the first end 54 of the first contact 98 to the first
end 76 of the second contact 104. As described in
greater detail below, a door control device which is
electrically connected to the second ends 56 and 78 of
the first and second contacts 98 and 104, respectively,
can detect electrical problems in the first and second
contacts 98, 104 by measuring the resistance, current,
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voltage, etc., existing between the second ends 56, 78 of 25

the first and second contacts 98, 104.

FIG. 17 illustrates a particular door control device
540 having a first connector 542 and a second connector
544. The door control device 540 also includes sensing
means for sensing current flowing through the sensing
means in the form of a sensor 541 electrically connected
to the first and second connectors 542, 544. The sensor
541 senses a particular electrical characteristic (such as
resistance or current) of an electrical circuit connected
to the first and second connectors 542 and 544. The
particular electrical characteristic sensed by the sensor
341 varies among different door control devices. It
should be understood that the sensing edge 16’ of the
second embodiment 1s' not limited in anyway by the
particular door control device 540 shown in FIG. 17.
Rather, the door control device 540 is discussed gener-
ally herein only to aid in the understanding of the sens-
ing edge 16’ of the present invention since the door
control device and sensor 541 are well known to those
skilled in the art. The general principles of the sensing
edge 16" of the present invention apply equally well
notwithstanding the particular door control device
used.

The sensing edge 16’ of the second embodiment shall
now be described in detail with reference to FIGS. 15,
16, and 17. The sensing edge 16’ of the second embodi-
ment 1s generally identical to the sensing edge 16 of the
first embodiment. For example, the sensing edge 16 of
the first embodiment and the sensing edge 16’ of the
second embodiment both include a base member 20, a
sheath 36, first and second contacts 98, 104, etc., as
described above. Therefore, the discussion above re-
garding the sensing edge 16 of the first embodiment
applies to the sensing edge 16’ of the second embodi-
ment except where otherwise indicated.

Referring first to FIGS. 15 and 16, the sensing edge
16" of the second embodiment includes a connecting
means, such as electrical connector 502, positioned
within the sheath 36 for assisting in controlling the
device 540. Preferably, the electrical connector 502 is
secured to the first surface of the second wall 52 of the
sheath 36 inside the chamber 58. The electrical connec-
tor 502 is electrically connected to the first ends 54 and
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76 of the first and second contacts 98 and 104, respec-
tively.

As shown in FIG. 17, the second ends 56 and 78 of
the first and second contacts 98 and 104, respectively,
are electrically connected to the door control device
540. Specifically, the second end 56 of the first contact
98 is connected to the first connector 542 of the door
control device 540 and the second end 78 of the second
contact 104 is connected to the second connector 544 of
the door control device 540. The electrical connector
502 completes an electrical circuit when the second
ends 56 and 78 of the first and second contacts 98 and
104, respectively, are electrically connected to the first
and second connectors 542 and 544 of the door control
device 540. The electrical circuit comprises the sensor
541 of the door control device 5440, the first connector
542 of the control device 540, the first contact 98, the
electrical connector 502, the second contact 104, and
the second connector 544 of the control device 540.
When electrical continuity exists throughout the electri-
cal circuit, current generated by the control device 540
sequentially flows through the sensor 541 of the control
device 540, the first connector 542, the first contact 98,
the electrical connector 502, the second contact 104, the
second connector 544, and back to the sensor 541 such
that the sensor 541 can determine when electrical conti-
nuity does and does not exist throughout the electrical
circuit and thereby control movement of the door 14 in
a failsafe manner.

The electrical connector 502 can be any one of a
number of electrical components each exhibiting partic-
ular electrical characteristics. For example, the electri-
cal connector 502 can be a resistor or a diode (such as a
zener diode). The selection of the electrical connector
502 depends on the particular electrical characteristic
which is sensed by the sensor 541 of the particular con-
trol device §40. For example, if the sensor 541 senses
resistance, then the electrical connector 502 selected
should preferably be a resistor. Moreover, the electrical
connector 502 and sensor 541 could be stored within a
single housing and interconnected between the first
wire 508 and third wire 524. Such a combination electri-
cal connector/sensor would be positioned within the
chamber 58. That is, the present invention is not limited
to storing an electrical connector 502 within the cham-
ber 38, but is equally applicable to storing any electrical
components within the chamber 38, including microcir-
cuiting for operating the control device 540.

Referring back to FIGS. 15 and 16, the sensing edge
16’ of the second embodiment includes a first wire 508
having a first end 510 and a second end 512. The second
end 512 of the first wire 508 is electrically connected to
the first end 54 of the first contact 98. A portion of the
first wire 508 extends through an aperture (not shown)
1n the second wall 52 such that the portion of the first
wire 508 1s positioned within the chamber 58. The first
end 510 of the first wire 508 is electrically connected to
the electrical connector 502.

The sensing edge 16 also includes a second wire 516
having a first end 518 and a second end 520. The first
end 318 of the second wire 516 is electrically connected
to the second end 56 of the first contact 98. A portion of
the second wire 516 extends through another aperture
(not shown) in the second wall 52 such that the portion
of the second wire 516 is positioned within the chamber
58. Another portion of the second wire 516 extends
through an aperture 522 in the chamber reinforcing wall
600 such that the other portion of the second wire 516
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1s positioned in the first outer cavity 66. The second end
520 of the second wire 516 extends through an aperture
(not shown) in the end plate 30 such that the second end
520 is connectable to the control device 540 located
external to the sensing edge 16’ of the second embodi-
ment.

The sensing edge 16 further includes a third wire 524
having a first end 526 and a second end 528. The second
end 528 of the third wire 524 is electrically connected to
the first end 76 of the second contact 104. As best
shown in FIG. 15, the third wire 524 has portions ex-
tending through apertures in the cavity reinforcing wall
86b, the second wall 52, and the chamber reinforcing
wall 605 such that the portions of the third wire 524 are
positioned within portions of the third outer cavity 92,
the first outer cavity 66, and the chamber 58. The first
end 526 of the third wire 5§24 is electrically connected to
the electrical connector 502.

The sensing edge 16 also contains a fourth wire 532
having a first end 534 and a second end 536. The first
end 534 of the fourth wire 532 is electrically connected
to the second end 78 of the second contact 104. The
fourth wire 332 has a portion extending through an
aperture 538 in the cavity reinforcing wall 865 such that
the portion of the fourth wire 532 extends within a
portion of the third outer cavity 92. The second end 536
of the fourth wire 532 extends through an aperture (not
shown) in the end plate 30 such that the second end 536
1s connectable to the control device 540 located external
to the sensing edge 16’ of the second embodiment.

The failsafe operation of the sensing edge 16’ of the
second embodiment shall now be described with refer-
ence to FIG. 17. For purposes of this description, as-
sume that the sensor 541 of the control device 540
senses resistance and the electrical connector 502 is a
resistor. Also assume that R1 represents the resistance
of the first contact 98, R2 represents the resistance of
the electrical connector 502 (that is, the resistor selected
as the electrical connector 502), R3 represents the resis-
tance of the second contact 104, and that the resistance
of the first wire 508, the second wire 520, the third wire
524, the fourth wire 532, and the first and second con-
nectors 542 and 544 are negligible.

In operation, the sensor 541 of the control device 540
senses a resistance equal to R14+R2+R3 when (1) ex-
ternal pressure is not applied to the sheath 36 and (2)
electrical continuity exists throughout the electrical
circuit connected to the connectors 542 and 544. There-
fore, when the sensed resistance is R1+R2+R3, the
control device 540 does not interfere with the move-
ment of the door 14 because (1) an obstacle is not in the
path of the door, and (2) electrical problems do not exist
in the electrical circuit connected to connectors 542 and
544,

‘The sensor 541 senses an infinite resistance (that is, an
open circuit) when electrical discontinuity exists any-
where in the electrical circuit connected to the connec-
tors 542 and 544, whether the electrical discontinuity
(resulting, for example, from a broken wire) exists in the
first contact 98, the second contact 104, the electrical
connector 302, or any of the connecting wires. Upon
the detection of an open circuit, the control device 540
preferably implements a failsafe procedure, such as
stopping the movement of the door 14 or opening the
door 14.

The sensor 541 of the control device 540 senses a
finite resistance having an upper boundary of R1+R3
ohms when portions of the first and second contacts 98
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and 104 engage due to external pressure being applied
to the sheath 36. (Note that R2 is not a factor in the
sensed resistance since the electrical connector 502 is
“shorted-out” relative to the sensor 541 when portions
of the first and second contacts 98 and 104 engage). The
detection of this resistance indicates that an obstacle is

in the path of the door 14 and has contacted the sensing
edge 16'. Therefore, upon detecting this resistance, the
control device 540 controls movement of the door 14 in
order to avoid harm to the obstacle. For example, the
control device 540 may stop movement of the door 14
or may cause the door 14 to open. As those skilled in the
art will appreciate, the actual resistance sensed by the
sensor 541 will depend on where, along their respective
lengths, the first and second contacts 98 and 104 engage.
In practice, the sensor 541 can be configured to respond
to a particular range of resistance depending on the
nominal values of R1, R2, and R3.

As evident from the above, the sensing edge 16’ of
the second embodiment assists in providing a working
failsafe feature by electrically connecting the electrical
connector 302 to the first ends 54 and 76 of the first and
second connectors 98 and 104, respectively. Unlike
conventional sensing edges, the sensing edge 16’ of the
second embodiment achieves the failsafe feature with-
out the use of long wires positioned through long
lengths of the sheath 36. Therefore, the sensing edge 16’
of the second embodiment is relatively easy to assemble.
Additionally, the possibility of electrical problems aris-
ing in the failsafe feature itself is minimized.

A preferred method according to the present inven-
tion for assembling the sensing edge 16’ of the second
embodiment will now be generally described. One of
ordinary skill in the art will understand, however, that
the sensing edge 16’ of the second embodiment can be
assembled using a variety of different methods.

The sensing edge 16’ of the second embodiment is
assembled by first providing a partially assembled sens-
ing edge comprising an elongated base member 20, a
generally flexible elongated sheath 36, a first flexible
electrically conductive contact 98, and a second flexible
electrically conductive contact 104, all of which are
described above in detail.

The sensing edge 16’ is further assembled by selecting
an electrical connector 502 from a group of electrical
components. As noted above, the selected electrical
connector 502 1s an electrical component which pro-
vides the electrical circuit connected to the first and
second connectors 542 and 544 of the door control
device 540 with the particular electrical characteristic
sensed by the sensor 541 of the door control device 540.
For example, if the electrical characteristic sensed by
the sensor 541 is resistance, then the electrical connec-
tor 502 selected from the group of electrical compo-
nents may be a resistor, since resistors exhibit the partic-
ular electrical characteristic (that is, resistance) sensed
by the sensor 541 of the door control device 540. Alter-
natively, if the electrical characteristic sensed by the
sensor 541 is current, then the electrical connector 502
selected from the group of electrical components may
be a diode (such as a zener diode) since diodes exhibit
the particular electrical characteristic sensed by the
sensor 341 of the door control device 540. That is, di-
odes conduct current. Note that any electrical compo-
nent exhibiting the particular electrical characteristic
sensed by the sensor 541 can be selected, not just those
electrical components discussed above.
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After the electrical connector 502 is selected from the
group of electrical components, the selected electrical
connector 502 is secured within the sheath 36. Prefera-
bly, the selected electrical connector 502 is secured
within the chamber 58 to the first surface of the second

wall 52.
Then, the selected electrical connector 502 1s electri-

cally connected to the first ends 54 and 76 of the first
and second contacts 98 and 104, respectively, using a

first wire 508 and a third wire 524. The connection of 10

the first wire 508 and the third wire 524 to the selected
electrical connector 502 and to the first and second
contacts 98 and 104 1s described above in great detail.

The sensing edge 16’ of the second embodiment is
further assembled by providing a second wire 516 hav-
ing a first end 518 and a second end 520 and a fourth
wire 532 having a first end 534 and a second end 536. As
described in great detail above, the first end 518 of the
second wire 316 1s connected to the second end 56 of
the first contact 98 and the first end 534 of the fourth
wire 532 is connected to the second end 78 of the sec-
ond contact 104. After the second wire 516 and the
fourth wire 8§32 are connected to the first contact 98 and
the second contact 104, respectively, end plates 28 and
30 are secured to the ends of the sheath 36. As end plate
30 1s secured to the appropriate end of the sheath 36, the
second ends 520 and 536 of the second and fourth wires
516 and 532, respectively, are positioned through aper-
tures (not shown) in the end wall 30 such that the sec-
ond ends 520 and 536 of the second and the fourth wires
516 and 3532, respectively, are connectable to the door
control device 540 located external to the sensing edge
16’'.

A preferred method according to the present inven-
tion of extrusion molding a sensing edge 16 of a first and
second material and having switch means positioned
therein will now be described generally. One of ordi-
nary skill in the art would understand, however, that
the sensing device 16 may be made by a variety of dif-
ferent methods, such as injection molding, etc. Note
that the method i1s specifically described below with
respect to molding a sensing edge 16 of the first embodi-
ment of the present invention. However, it should be
understood that the method described below is also
generally applicable to molding a sensing edge 16’ of
the second embodiment of the present invention.

Referring now to FIG. 3, there i1s shown a first ex-
truder 128 and a second extruder 130 for providing the
first material and the second material, respectively, for
coextrusion through a die assembly 132. The first mate-
rial 1s used to form the base member 20 and the second
material 1s used to form the sheath 36, as discussed in
detail above. Preferably, the extruders are single screw
extruders, which are commercially available from Dav-
is-Standard, a division of Crompton and Knowles of
Pawcatuck, Connecticut. However, one of ordinary
skill in the art would understand that a variety of ex-
truders, such as a twin screw extruder may be used in
the present method. Such extruders are well known to
those of ordinary skill in the art and further discussion
thereof 1s omitted for purposes of convenience only and
is not limiting.

The die assembly 132, which as presently preferred
consists of a series of four die plates, 1s shown in FIGS.
4-14 and, more particularly, in FIG. SA. The individual
die plates of the die assembly 132 are aligned and main-
tained in facing engagement by a plurality of screws
(not shown) extending through apertures (not shown) in
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each die plate, as is well understood by those skilled in
the art. Each aperture is preferably perpendicular to the
respective faces of each die plate. For purposes of clar-
ity 1n the drawings, the screws and corresponding aper-
tures have been omitted in the drawings. One of ordi-
nary skill in the art would understand that other con-
ventional fastening means may alternatively or addi-
tionally be used to form the die assembly 132 from the
plurality of individual die plates. FIG. 4 is a perspective
view of the die assembly 132, including the adaptors
134, 136, (shown in phantom) which convey the first
and second materials, respectively, from the first and
second extruders 128, 130 to the die assembly 132. The
die assembly 132 is preferably maintained at a tempera-
ture of 360" F. by a heater band (not shown) during the
extrusion process, although other temperatures could
be used without departing from the spirit and scope of
the invention.

FIG. 6 is an exit view of the die assembly 132 which
more clearly shows the adaptors 134, 136 positioned
within the die assembly 132. More specifically, FIG. 7 is
an exit view of a first die plate 138 of the present inven-
tion including a first threaded bore 140 for receiving the
first adaptor 134 and a second threaded bore 142 for
threadably receiving the second adaptor 136. In the
present method, the first material is fed to the first die
plate 138 of the die assembly 132 from the first extruder
128 through the first adaptor 134 which is positioned
within the first threaded bore 140. While, as presently
preferred, the adaptors 134, 136 each have external
threads for being received in threaded bores 140, 142,
respectively, an ordinarily skilled artisan would under-
stand that the adaptors 134, 136 may be retained in
position within the bores 140, 142 by clamps, etc.

The first material flows from the first adaptor 134
through a first conduit 144 (shown in phantom in FIG.
7) and thereby through the first die plate 138. The sec-
ond material is fed to the first die plate 138 from the
second extruder 130 through the second adaptor 136
which is positioned within the second threaded bore
142. The second material flows from the second adaptor
136 through a second conduit 148 (shown in phantom in
FI1G. 7), and thereby through the first die plate 138.

As shown in FIG. 7, the first and second conduits
144, 148 are generally circular in cross section. The first
conduit 144 extends generally upwardly from and at an
angle C to a central horizontal axis X of the first
threaded bore 140. Preferably, the angle C is about 135°,
however, the angle C may be varied based upon such
factors as the orientation of the first threaded bore 140
with respect to a horizontal axis (not shown) which
bisects the first die plate 138. The second conduit 148
extends generally downwardly from and at angle D to
a central axis X' of the second threaded bore 142. Pref-
erably the angle D 1s also about 135°, however the angle
D may vary based upon such factors as the orientation
of the second threaded bore 140 with respect to the
horizontal axis of the first die plate 138.

As shown in FIG. §, a first portion 144a of the first
conduit 144 extends generally horizontally from the
first threaded bore 140 and angles generally upwardly
therefrom to a second portion 1445, which is generally
perpendicular to the exit face 139 of the first die plate
138. The portion 145 of the first conduit 144 extends
through the first die plate 138 to permit the first material
to pass therethrough. Likewise, a first portion 148a of
the second conduit 148 extends generally horizontally
from the second threaded bore 142 and angles generally
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downwardly therefrom to a portion 1486, which is
generally perpendicular to the exit face 139 of the first
die plate 138. The second conduit 148 extends through
the first die plate 138 to permit the second material to
pass therethrough. One of ordinary skill in the art
would understand that the first and second conduits
144, 148 may have different configurations as desired so
long as the first conduit 144 provides a passageway for
the first material to flow between the first bore 140 and
the exit face 139 of the first die plate 138 and so long as
the second conduit 148 provides a passageway for the
second material to flow between the second bore 142
and exit face 139 of the first die plate 138.

As shown in FIG. 4, a mandrel plate 152 (shown in
phantom in FIG. 7) is located in the entrance face 154 of
the first die plate 138. The mandrel plate 152 has an
opening 155 for receiving an insert 156 through which
the first and second electrical contacts 98, 104 are fed.
The mandrel plate 152 also includes at least one, and
preferably a plurality of, apertures 153 extending there-
through in which supporting pins 146 are receivably
accommodated. The shape of each of the apertures 153
generally corresponds to the shape of the supporting
pin 146 received therein. The first die plate 138 also
includes apertures 172 extending therethrough corre-
sponding generally to the apertures 153 in the mandrel
plate 152 and in which supporting pins 146 are receiv-
ably accommodated. Preferably, each of the supporting
pins 146 has generally elongated cylindrical shape, the
length of the supporting pins 146 being sufficient to
extend fully through the die assembly 132.

In an alternate embodiment, the mandrel plate 152
includes at least one, and preferably a plurality of aper-
tures 150 through which electrical wires, such as the
first wire 110 and third wire 120, may be fed during the
extrusion process, as described in more detail hereinaf-
ter. The wires may be supplied by a conventional sup-
ply means such as a rotatably mounted reel (not shown)
well known to those of ordinary skill in the art.

Referring now to FIG. §, the first contact 98 is sup-
plied to a first bore 158 in the insert 156 from a first
supply reel 160. The second contact 104 is supplied to a
second bore 162 in the insert 156 from a second supply
reel 164. One of ordinary skill in the art would under-
stand that the first and second contacts 98, 104 may be
supplied to the insert 156 by a supply means other than
reels.

Referring now to FIG. 7, the insert 156 extends
through the opening 155 in mandrel plate 152 and suc-
cessively through each of the die plates of the die assem-
bly 132. The insert 156 is receivably accommodated
within a third aperture 166 in the first die plate 138. As
shown in FIG. 8, it is preferred that the first bore 158 of
the insert 156 be generally rectangular in cross section
and that the second bore 162 be generally arcuate in
cross section, however, the shape in cross section of the
first and second bores 158, 162 may be varied as desired.
‘The second bore 162 is preferably generally arcuate in
cross section to shape the second contact 104 to con-
form to the shape of the third wall 74 of the sheath 36.

As best shown in Figs. S and 9, preferably, the first
and second bores 158, 162 are angled along a longitudi-
nal axis of the insert 156 such that the first and second
bores 158, 162 extend away from each other as they
approach the opposite end 170 of the insert 156. An-
gling the first and second bores 158, 162 away from
each other facilitates feeding of the first and second
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contacts 98, 104 into the insert 156 and prevents jam-
ming of the contacts 98, 104 entering the insert 156.

The first and second bores 158, 162 emerge at the
upper and lower periphery, respectively, of the insert
156 short of the second end 170. That is, proximate the
upper and lower peripheries of the second end 170 of
the insert 156, there is provided a pair of notches 159,
161 best shown in FIGS. 4 and 9. Preferably, the first
and second bores 158, 162 emerge at the base of the
notch 159. The notches 159, 161 are angled upwardly
and become generally flush with the second end 170 of
the insert 156 to force the contacts 98, 104 upwardly
and downwardly, respectively, to facilitate bonding
between the first contact 98 and the second wall 52 and
the second contact 104 and the third wall 74.

In an alternate preferred embodiment, the first die
plate 138 may further include at least two apertures 149
(shown in FIG. 7) extending therethrough for receiv-
ably accommodating the electrical connectors or wires,
such as the first wire 110 and third wire 120, received
from the apertures 150 of the mandrel plate 152. One of
ordinary skill in the art would understand that the first

_die plate 138 may have less or more than two apertures

149, as desired, although preferably each wire has a
separate corresponding aperture 149.

After emerging from the first aperture 146 of the first
die plate 138, the first material passes through the first
aperture 176 in the second die plate 174, as shown in
FIG. 10. The first aperture 176 of the second die plate
174 1s aligned with the first aperture 146 of the first die
plate 138 and preferably is of the same size, shape and
cross section, i.e., circular, as the first aperture 146 of
the first die plate 138. The first aperture 176 of the
second die plate 174 is preferably generally cylindrical
and extends through the second die plate 174 along a
longitudinal axis (not shown) generally perpendicular
thereto.

Likewise, after emerging from the second conduit
148 of the first die plate 138, the second material passes
through the second aperture 180 in the second die plate
174. The second aperture 180 of the second die plate 174
is aligned with the second conduit 148 of the first die
plate 138 and is preferably of the same cross-sectional
dimensions. The second aperture 180 of the second die
plate 174 is also preferably cylindrical and has a longitu-
dinal axis (not shown) which is generally parallel to the
longitudinal axis of the first aperture 176.

As shown in FIG. 10, the second die plate 174 also
includes a third aperture 182 extending longitudinally
therethrough in a direction generally perpendicular to
the exit surface 178 of the second die plate 174. The
shape of the third aperture 182 generally corresponds to
and 1s sized to accommodate therein the insert 156.

As shown in FIGS. 4 and 5, the second die plate 174
also includes a plurality of mandrels, indicated gener-
ally at 184, for defining the first and second cavity rein-
forcing walls 60, 86 during the coextrusion process. As
shown in FIG. 5, the mandrels 184 extend from the exit
surface 178 of the second die plate 174 and are generally
parallel to and spaced from the third aperture 182. Each
of the mandrels 184 extends from the second die plate
174 a sufficient length so as to extend through the third
and fourth die plates 230, 244.

Each of the mandrels 184 includes an aperture 186,
best shown in FIG. 10, extending through the second
die plate 174 and through each mandrel 184 for accom-
modating the supporting pins 146. Each of the apertures
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186 is aligned with and generally corresponds in cross-
sectional dimension to the supporting pins 146.

In the alternative embodiment, at least one, and pref-
erably a plurality of the mandrels 184 includes apertures
187, as shown in FIG. 10, extending through the second
die plate 174 and through each mandrel 184 for accom-
modating the electrical wires, received from the aper-
tures 149 of the first die plate 138, therethrough. Each
of the apertures 187 is aligned with and generally corre-
sponds in cross-sectional dimension to the correspond-
ing apertures 149 of the first die plate 138. For purposes
of clarity in the drawings, apertures 187 are shown in
the first and fourth mandrels 188, 206, although one of
ordinary skill in the art would understand that apertures
187 may be included in any or none of the mandrels 184,

as desired.

As shown in FIG. 10, a first mandrel 188 having a
generally crescent shape and a truncated upper portion
extends from the second die plate 174. A first gap 190

S
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located between the mandrel 188 and the insert 156 20

defines the left second cavity reinforcing wall 865 dur-
ing the coextrusion process. On the opposite side of the
insert 156 is located a second mandrel 192 which ex-
tends from the exit surface 178 of the second die plate
174. The second mandrel 192 is also generally crescent-
shaped and has a truncated upper portion.

The second mandrel 192 is the mirror image of the
first mandrel 188 across a vertical center line (not
shown) which bisects the second side plate 174. A sec-
ond gap 194 located between the second mandrel 192
and the insert 156 opposite the first gap 190 defines the
right second cavity reinforcing wall 86a. The shapes of
the mandrels 188, 192 and insert 156 and the distance of
the first and second gaps 190, 194 therebetween wiil
determine the shape and thickness of each of the second
cavity reinforcing walls 86a, 86) .

Referring to FIG. 10, a third mandrel 196 extends
from the exit surface 178 of the second die plate 174 and
is generally parallel to the first and second mandrels

188, 192 and the insert 156. The third mandrel 196 has a -

first, generally flat surface 198 and a second generally
arcdate surface 200 having a flattened portion 202 prox-
imate the middle of the arc. Generally, the third man-
drel 196 has a half-moon shape in cross section. A third
gap 204 is located between the arcuate surface 200 of
the third mandrel 196 and the insert 156 to define a
portion 205 (shown in FIG. 2) of the second wall 52.
Referring to FIG. 10, a fourth mandrel 206 extends
from the exit surface 178 of the second die plate 174 and
is generally parallel to the first, second and third man-
drels 188, 192, 196 and the insert 156. The fourth man-
drel 206 has a generally flat first surface 208 and a gen-
erally arcuate second surface 210 which corresponds in
part to the second surface 200 of the third mandrel 196.
A fourth gap 212 is located between the arcuate second
surface 210 of the fourth mandrel 206 and the second
surface 200 of the third mandrel 196 to define the left
first cavity reinforcing wall 60b. A fifth gap 214 is lo-
cated between the first surface 208 of the fourth man-
drel 206 and the first mandrel 188 and msert 156 to

define a second portion 216 (shown in FIG. 2) of the

second wall 52.
As shown in FIG. 10, a fifth mandrel 218 extends

from the exit surface 178 of the second die plate 174 and
is generally parallel to the first, second, third and fourth
mandrels, 188, 192, 196, 206 and the insert 156. The fifth
mandrel 218 is similarly shaped but a mirror image of
the fourth mandrel 206 across the vertical center line
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(not shown) which bisects the second die plate 174. A
sixth gap 220 is located between a first surface 222 of the
fifth mandrel 218 and insert 156 to define the right first
cavity reinforcing wall 60az. A seventh gap 224 is lo-
cated between a second surface 226 of the fifth mandrel
218 and the second mandrel 192 and insert 156 to define
a third portion 228 (shown in FIG. 2) of the second wall
52.

One of ordinary skill in the art would understand that
the thickness and configuration of the second wall 52
and first and second cavity reinforcing walls 60, 86 is
influenced by such factors as the shape of each of the
mandrels 184 and the configuration of each of the gaps.

Referring now to FIG. 11, there 1s shown the en-
trance surface 232 of the third die plate 230. After
emerging from the first aperture 176 of the second die
plate 174, the first material passes through the first aper-
ture 234 which extends through the third die plate 230.
The first aperture 234 of the third die plate 230 is
aligned with and has preferably the same configuration
in cross section as the first aperture 176 of the second
die plate 174.

After emerging from the second aperture 180 of the
second die plate 174, the second material flows to sub-
stantially fill a cavity or groove 236 in the entrance
surface 232 of the third die plate 230. A bore 238 ex-
tends longitudinally through the third die plate 174, to
emerge from the exit surface 240 of the third die plate
174 (shown in FIG. 12). As best shown 1n FIG. 11, the
groove 236 is spaced from and surrounds the bore 238.
Channels 242 extend between the groove 236 and the
bore 238 through which the second maternial is directed
to facilitate even filling of the bore 238. The bore 238 of
the groove 236 receivably accommodates the insert 156
and mandrels 184, as best shown 1 FIGS. 4 and 5.

Referring now to FIG. 12, the bore 238 is shaped so
as to generally define the first wall 38, first and second
legs 44, 46 and the generally flattened portion 96 of the
third wall 74. The second material flows through the
bore 238 of the groove 236 and fills the first, second,
third, fourth, fifth, sixth, and seventh gaps 190, 194, 204,
212, 214, 220, 224, respectively, between the insert 156
and mandrels 184 to form the first and second cavity
reinforcing walls 60, 86 and the second wall 52. The
second material also flows between the mandrels 184
and bore 238 to generally define the first wall 38, first
and second legs 44, 46, flexible members 48 an third
wall 74.

After emerging from the first aperture 234 in the third
die plate 230, the first material fills the first cavity or
groove 246 in the entrance surface 250 of the fourth die
plate 244, as best shown in FIG. 13. The first groove
246 1ncludes a first aperture 248 which extends through
the fourth die plate 244 in a direction generally perpen-
dicular to the entrance surface 250 of the fourth die
plate 244. As best shown in FIG. 14, the first aperture
248 has a first portion 252 which defines the mounting
plate 22 of the base member 20. A second portion 254 of
the first aperture 248 defines the first clamping member
34. A third portion 256 of the first aperture 248 defines
the second clamping member 34 of the base member 20.

Referring now to FIG. 13, after emerging from the
bore 238 of the third die plate 230, the second material
fills a second aperture 258 located in the fourth die plate
244 and extending therethrough. At the entrance sur-
face 250 of the fourth die plate 244, the second aperture
238 generally corresponds in size and shape to the bore
238 of the third die plate 230. The second aperture 258
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narrows through the transitional area 262 (best shown
in FIG. 15) to narrow the size of the second aperture
264 as viewed from the exit side of the fourth die plate
244 (see FIG. 14). Referring now to FIG. 14, which
shows the exit surface 266 of the fourth die plate 244,
the second aperture 264 defines the first wall 38, first
and second legs 44, 46, and the flexible members 48 of
the sheath 36. The second aperture 264 receivably ac-
commodates the insert 156 and mandrels 184 therein.

Referring now to FIGS. 4 and 6, after emerging from
the first bore 158 of the insert 156, the first surface 100
of the first contact 98 is bonded, by the heat and pres-
sure generated within the die assembly 132 during the
coextrusion process, to the second surface 56 of the
second wall 52 for securing the first contact 98 to the
second wall 52. Likewise, the second surface 108 of the
second contact 104 is similarly bonded to the first sur-
face 76 of the third wall 74. Each of the first and second
contacts 98, 104 is pulled through the insert 156 as the
extrudate bonded to the contacts emerges from the die
assembly 132. Therefore, the speed at which the extru-
sion process is carried out generally determines the rate
at which each of the contacts 98, 1064 is fed into the die
assembly 132. After emerging from the exit surface 266
of the fourth die plate 244, the sheath 36 and base mem-
ber 20 are bonded together by the heat and pressure
generated within the die assembly 132 during the coex-
trusion process.

The sensing edge 16 which emerges from the fourth
die plate 244 may be cooled by a conventional cooling
means, such as a water bath, etc. as desired. The sensing
edge 16 may be sliced or cut to a desired length corre-
sponding generally to the length of the leading edge 18
of the door 14. In the alternative embodiment, the elec-
trical wiring may be connected to the first and second
contacts 98, 104 and the door controlling device, as
previously discussed. Alternatively or additionally,
electrical wiring may be manually inserted into any of
the cavities as desired and connected to the contacts 98,
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Optionally, use of the second and fourth wires 111, 121
may be omitted and the second ends of the first and
second contacts 98, 104 may be electrically connected
to an interface board, end of line resistor, or diode (such
as a zener diode) (not shown) which, in turn, is electri-
cally connected to the controlling device. The end
plugs (not shown) may be secured to the ends (not
shown) of the sensing edge 16 to inhibit the entry of
foreign matter and moisture or vapor into the ends of
the sheath 36. |

'To summarize, the first material flows from the first
extruder 128 through the first adaptor 134 and first
conduit 144 of the first die plate 138 and emerges from
the exit surface 139 of the first die plate 138. The first
material then flows through the first aperture 176 which
extends through the second die plate 174 and through
the first aperture 234 which extends through the third
die plate 230.

After emerging from the third die plate 230, the first
material fills the first groove 246 of the fourth die plate
244 and flows through the first aperture 248 which
extends therethrough. As the first material flows
through the first aperture 248 of the fourth die plate
244, the first portion 252 thereof defines the mounting
plate 22 of the base member 20. The second portion 254
of the first aperture 248 defines the first clamping mem-
ber 34. The third portion 256 of the first aperture 248
defines the second clamping member 34 of the base
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member 20. Within the .fourth die plate 244, the base
member 20 i1s bonded to or coextruded with the sheath
36 to form the sensing edge 16.
To form the sheath 36, the second material is fed from
the second extruder 130 through the second adaptor 136

and second conduit 148 of the first die plate 138. The

second material flows from the second conduit 148
through the second aperture 150 to emerge from the
first die plate 138 and enter the second die plate 174.
The second material flows through the second aperture
180 in the second die plate 174 to substantially fill and
tlow through the groove 236 in the third die plate 230.
The second material flows through the channels 242 of
the groove 236 to fill the gaps between the insert 156
and mandrels 184 and the remainder of the bore 238 of
the groove 236 surrounding the insert 156 and mandrels
184 to generally define the first, second and third walls
38, 52, 74, first and second legs 44, 46, flexible members
48, and the first and second cavity reinforcing walls 60,
86.

After emerging from the bore 238 of the groove 236
of the third die plate 230, the second material fills the
second aperture 258, through which the insert 156 and
mandrels 184 also extend. The second material next
flows through the transitional area 262 and second aper-
ture 264 to further define the first wall 38, first and
second legs 44, 46 and the flexible members 48.

The first contact 98 is fed from the first supply reel
160 through the first bore 158 of the insert 156, which
extends through the die assembly 132. After emerging
from the first bore 158 of the insert 156, the first contact
98 1s bonded to the second wall 52 of the sheath 36
within the fourth die plate 244, preferably by the heat
generated during the coextrusion process and pressure
generated by the angled notch 159.

Similarly, the second contact 104 is fed from the
second supply reel 164 through the second bore 162 of
the mnsert 156, which extends through the die assembly
132. After emerging from the second bore 162 of the
insert 156, the second contact 104 is bonded to the third
wall 74 of the sheath 36 within the fourth die plate, also
preferably by the heat of the coextrusion process and
pressure generated by the angled notch 161. The speed
at which extrudate is formed and bonded to the contacts
98, 104 determines the speed at which each of the
contacts 1s pulled through the die assembly 132 in the
extrusion process.

In the alternative preferred embodiment, each of the
first wire 110, second wire 111, third wire 120, and
fourth wire 121, as desired, is fed from a supply reel (not
shown) through the apertures 150 in the mandrel plate
152 and the apertures 149 in the first die plate 138. Each
of the wires is then fed through corresponding aper-
tures 186 in the mandrels 184 which extend through the
second, third, and fourth die plates 174, 230, 244.

The sensing edge 16 which emerges from the fourth
die plate 244 is preferably cooled and cut to the desired
length and each of the electrical wires is electrically
connected to the contacts as discussed above. If desired,
end plugs may be secured to the ends of the sensing
edge 16 and any other desired components, such as
additional wiring or diodes, may be added. The sensing
edge 16 may then be mounted to the leading edge 18 of
a door 14 and connected to a control device. Discussion
of the details of connecting the sensing edge to the
control device have been omitted since it is not believed
to be necessary to an understanding of the present in-
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vention and since such connections are within the ambit
of one of ordinary skill in the art.

Thus, the present sensing edge 16 includes a plurality
of internal cavities which extend along the length of the
edge 16 to enhance the structural integrity of the sens-
ing edge as well as to protect the electrical contacts,
wiring, and connections from contamination by mois-
ture, vapor, and foreign matter in the environment. By
routing the electrical connections, etc., through the

internal cavities, the life expectancy and durability of 10

the connections and contacts is increased, providing a
more reliable sensing edge 16. In addition to enhancing
the structural integrity of the sensing edge, the second
cavity reinforcing walls permit forces acting on the
outside of the sheath to be transmitted to the first and
second contacts to provide more precise engagement
between the first and second contacts upon the applica-
tion of force to the sheath.

The present invention also includes a method of
forming the sensing edge by coextrusion of the base
member and sheath. During the coextrusion process,
the first and second contacts are bonded to the second
and third walls within the sheath and associated electri-
cal wiring may be inserted within the sheath. The pres-
ent method of forming the sensing edge simplifies manu-
facturing and assembly of the sensing edge.

From the foregoing description, it can be seen that
the present invention comprises a sensing edge for con-
trolling movement of a door by actuation of a device
upon force being applied to the sensing edge. It will be
appreciated by those skilled in the art that changes
could be made to the embodiment described above
without departing from the broad inventive concepts
thereof. It 1s understood, therefore, that this invention is
not limited to the particular embodiment disclosed, but
it 1s intended to cover all modifications which are
within the spirit and scope of the invention as defined
by the appended claims.

I claim:

1. A method for assembling a sensing edge for con-
trolling movement of a door moving in a first direction
by actuation of a device upon force being applied to the
sensing edge, the device comprising a sensing means for
sensing a particular electrical characteristic of an elec-
trical circuit connectable to the sensing means, compris-
ing the steps of:

providing a partially assembled sensing edge com-

prising:

an elongated base member for being secured to the
door;

a generally flexible elongated sheath secured to the
base member and elongated sheath secured to
the base member and having an elongated hol-
low cavity formed therein;

a first flexible electrically conductive contact, hav-
ing first and second ends, positioned within the
cavity; and

a second flexible electrically conductive contact,
having first and second ends, positioned within
the cavity spaced from and generally opposite
the first contact, the second ends of the first and
second contacts being electrically connectable to
the sensing means of the device, such that when
external pressure is applied to the sheath, a por-
tion of the second contact flexes toward the first
contact and engages a portion of the first contact
to actuate the device:
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selecting from a group of electrical components an
electrical connector for providing an electrical
circuit connected to the sensing means of the de-
vice with the particular electrical characteristic
sensed by the sensing means of the device;

securing the selected electrical connector within the
sheath: and

electrically connecting the selected electrical connec-

tor to the first ends of the first and second contacts,
such that when the second ends of the first and
second contacts are electrically connected to the
sensing means of the device, an electrical circuit is
completed comprising the sensing means, the first
contact, the electrical connector and the second
contact, such that current generated by the device
sequentially flows through the sensing means, the
first contact, the electrical connector, the second
contact, and back to the sensing means when elec-
trical continuity exists throughout the electrical
circuit to thereby allow the sensing means to dis-
able the device when electrical continuity does not
exist throughout the electrical circuit.

2. The method according to claim 1, wherein the
electrical characteristic sensed by the sensing means is
resistance and wherein the selecting step comprises the
step of selecting a resistor for providing an electrical
circuit connected to the first and second connectors of
the device with the particular electrical characteristic
sensed by the sensing means of the device.

3. The method according to claim 1, wherein the
electrical characteristic sensed by the sensing means is
current, and wherein the selecting step comprises the
step of selecting a diode for providing an electrical
circuit connected to the first and second connectors of
the device with the particular electrical characteristic
sensed by the sensing means of the device.

4. The method according to claim 1, wherein the
sheath comprises a first wall having a first surface and a
second surface, the first surface of the first wall being
secured to the base member, a first and a second leg
extending from the second surface of the first wall, a
second wall having a first surface and a second surface,
the second wall being located generally parallel to and
spaced from the first wall to define a chamber therebe-
tween, the second wall having a first end connected to
the first leg and a second end connected to the second
leg, and a third wall having a first surface and a second
surface, the third wall being located generally parallel
to and spaced from the second wall to define the cavity
therebetween, the third wall having a first end con-
nected to the first leg and a second end connected to the
second leg, wherein the first contact is secured to the
second surface of the second wall and the second
contact is secured to the first surface of the third wall
opposite the first contact, and wherein the step for se-
curing the selected electrical connector within the
sheath comprises the step of securing the selected elec-
trical connector to the first surface of the second wall
within the chamber.

5. The method according to claim 4, wherein the
sheath further comprises a pair of chamber reinforcing
walls spaced from each other and extending between
the first and second walls to define the chamber there-
between, a first outer cavity between one of the cham-
ber reinforcing walls and the first leg, and a second
outer cavity between the other of the chamber reinforc-
ing walls and the second leg, wherein the step for elec-
trically connecting the selected electrical connector to
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the first ends of the first and second contacts comprises
the steps of:
providing a first wire having a first and a second end:
electrically connecting the second end of the first
wire to the first end of the first contact;
extending the second end of the first wire through an
aperture in the second wall such that a portion of
the second end of the first wire 1s positioned within
a portion of the chamber; and
electrically connecting the first end of the first wire
to the selected electrical connector.
6. The method according to claim 5, further compris-
ing the steps of:
providing a second wire having a first and a second
end: and
electrically connecting the first end of the second
wire to the second end of the first contact.
7. The method according to claim 5, wherein the
sheath further comprises a pair of cavity reinforcing
walls spaced from each other and extending between
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the second. and third walis to define the cavity therebe-
tween, a third outer cavity between one of the cavity
reinforcing walls and the first leg, and a fourth outer
cavity between the other of the cavity reinforcing walls
and the second leg, wherein the step for electrically
connecting the selected electrical connector to the first
ends of the first and second contacts furthelr comprises
the steps of: -
providing a third wire having a first and second end:
electrically connecting the second end of the third
wire to the first end of the second contact; and
electrically connecting the first end of the third wire
to the selected electrical connector.
8. The method according to claim 7, further compris-
ing the steps of:
providing a fourth wire having a first end and a sec-
ond end; and
electrically connecting the first end of the fourth wire

to the second end of the second contact.
* * - t -
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